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Guideline Status

This is the current release of the guideline.

Recommendations

Major Recommendations

The levels of evidence (class I-1V) supporting the recommendations and ratings of recommendations (A-C) are defined at the end of the "Major
Recommendations" field.

Viruses

Table. Recommendations for the Use of Polymerase Chain Reaction (PCR) for the Diagnosis of Central Nervous System (CNS) Viral Infections

Virus Reported Sensitivity and Specificity of Cerebrospinal Evidence Class and Level of
Fluid (CSF) PCR Recommendation
Herpes sinplex virus 96% and 99% (Tebas, Nease, & Storch, 1998) Class 1 Level A
(HSV)-1 Encephalitis May be false negatives during first 3 days
Varicella-Zoster virus 80% and 98% (Corral et al., 2003) Class III Level C
(VZV) CSF anti-VZV IgG more sensitive than PCR in
VZV vasculopathy
Cytomegalovirus (CMV) | 92% and 94% (Gozan et al., 1995) Class I Level B

Quantitative PCR may also be clinically useful

Epstein—Barr Virus (EBV) = 97%—100% and 98.5% (d' Arminio Montforte et al., 1997; Class IV Level C
Cinque et al., 1993; Cinque et al., 1996) Quantitative PCR may also be clinically useful

Enteroviruses 31%-95% and 92%-100% (Romero, 1999; DeBiasi & Class II Level B
Taylor, 1999; Pérez-Vélez et al., 2007)

JC virus JCV) 50%-82% and 98.5%—-100% (Weber et al., 1994; Weber Class I Level B
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Human immunodeficiency = Bluigh¢GSIIRGEBdy have been made on the blood Retovimidouthtioncful tool in assessing
virus (HIV) neurological involvement

Human T-cell 75%-99.4% and 98.5% (DeBiasi & Taylor, 1999; Andrade = Class III Level C

tymphotropic Virus etal, 2010) Combination of CSF PCR and anti-HTLV-1
(HTLV-1) antibody index useful in diagnosis

Abbreviations: CSF, cerebrospinal fluid; [gG, immunoglobulin G; JC, John Cunningham; PCR, polymerase chain reaction
Bacteria
Acute Meningitis

For reasons of high inter-assay variability and low specificity, in house nucleic acid amplification methods for diagnosis of bacterial infections in
cerebrospinal fluid (CSF) are deemed unreliable and should not be used in clinical practice (Class IV Grade C). The robustness of various
commercial polymerase chain reaction (PCR) tools that are currently available and the choice of uniplex or muiltiplex quantitative reverse
transcription (RT)-PCR for appropriate levels of diagnostic specificity and sensitivity are presently unclear and remain to be defined by field tests
and comparative studies (Class [V Grade C).

Chronic Meningitis

The diagnostic yield of PCR in CSF is influenced by the time to test after initiation of antibiotic therapy. Repeating CSF PCR within first 3 weeks
may aid diagnosis in tuberculous meningitis if the nitial result is negative (Class IV, Grade C). CSF-PCR is not presently a validated diagnostic test
for Lyme neuroborreliosis (Class IV, Grade C).

Summary of Recommendations for Bacteria

Commeercially available and standardized quantitative RT-PCR is a valuable adjunct for diagnosis of bacterial meningitis and is recommended for
routine use in CSF samples (Class I, Grade A) of patients with suspected bacterial meningitis. However, direct microscopy and culture remain the
gold standard of microbiological diagnosis of bacterial infections of central nervous system where feasible and current range of diagnostic bacterial
PCR tests do not replace them (Class II Grade A).

Parasites

Microscopy and serology show many limitations in the diagnosis of protozoal infections or helmnthic infestations of the CNS. Molecular
techniques have enabled parasitologists and neuroinfectiologists to use the gene amplification methods to establish the diagnosis firom any kind of
body fluids, that is, also the CSF, or biopsy material. Conventional PCR has been supplemented by nested and muiltiplex PCR as well as real-time
PCR for the detection of several parasitic infestations and infections, respectively. Recently, even more modern techniques as loop-mediated
isothermal amplification (LAMP) and luminex-based assays have been proposed as possible diagnostic techniques in parasitic diseases of the
nervous system. As these techniques allow the detection of infestations or infections from samples with very low burden of parasites, these
molecular-based approaches offer higher sensitivity and enhanced specificity compared with existing diagnostic tests. These techniques have been
established, at least in part, as the reference diagnostic tool in European laboratories, and they are used for research purposes in tropical areas.
However, they are far from having become daily routine in the diagnosis of parasitic infections and infestations of the CNS in resource-poor
countries where history, clinical signs and symptoms, and direct light microscopy still remain the mainstay of diagnosing CNS parasitoses.

Fungal Infections

The use and ability to provide diagnosis of neurological infection by PCR varies according to the group of pathogens. No doubt: the main
contribution of this technology is to the diagnosis of infections caused by viruses followed by bacterial infections of the CNS with the notable
exception of tuberculous meningitis.

The efficacy of this tool for the diagnosis of both protozoal infections and helminthic infestations has also been established in many instances.
Unfortunately, the molecular technology at large, including PCR, is far from becoming routine in resource-poor countries where such infections are
prevalent.

As for fungal infections, despite their importance in the context of the immume-compromised host, there is not enough data to recommend the
routine use of PCR. More clinical research is required to test and eventually confirm its role in this group of infections.

Definitions:



Evidence Classification Scheme for a Diagnostic Measure

Class I: A prospective study in a broad spectrum of persons with the suspected condition, using a 'gold standard' for case definition, where the test
is applied in a blinded evaluation, and enabling the assessment of appropriate tests of diagnostic accuracy.

Class II: A prospective study of a narrow spectrum of persons with the suspected condition, or a well-designed retrospective study of a broad
spectrum of persons with an established condition (by 'gold standard') compared to a broad spectrum of controls, where test is applied in a
blinded evaluation, and enabling the assessment of appropriate tests of diagnostic accuracy.

Class I1I: Evidence provided by a retrospective study where either persons with the established condition or controls are of a narrow spectrum,
and where test is applied in a blinded evaluation.

Class IV: Any design where test is not applied in blinded evaluation OR evidence provided by expert opinion alone or in descriptive case series
(without controls).

Rating of Recommendations for a Diagnostic Measure

Level A rating (established as useful/predictive or not useful/predictive) requires at least one convincing class I study or at least two consistent,
convincing class 11 studies.

Level B rating (established as probably usefil/predictive or not useful/predictive) requires at least one convincing class 11 study or overwhelming
class III evidence.

Level C rating (established as possibly useful/predictive or not useful/predictive) requires at least two convincing class 111 studies.

Clinical Algorithm(s)

None provided
Scope

Disease/Condition(s)

Infections of the nervous system, including viral, bacterial, and parasitic infections

Guideline Category

Diagnosis

Clinical Specialty
Family Practice

Infectious Diseases

Internal Medicine
Neurology

Pediatrics

Intended Users

Clinical Laboratory Personnel



Physician Assistants

Physicians

Guideline Objective(s)

To guide neurologists and infectious diseases experts in the application of polymerase chain reaction technology to the diagnosis of infections of the
nervous system

Target Population

Patients who have or are suspected to have a viral, bacterial, or parasitic infection of the nervous system

Interventions and Practices Considered

Polymerase chain reaction (PCR)

Real-time PCR

Nested and semi-nested PCR

Multiplex PCR

High throughput nuiltiplex PCR

Probe-based detection with luminex beads

Reverse transcription (RT)-PCR

Quantitative nucleic acid sequence-based amplification
Loop-mediated isothermal anmplification (LAMP)
PCR enzyme-linked immunosorbent assay (ELISA)
Nucleic acid sequence-based anplification and PCR coupled to oligo-chromatography
. Microscopy and culture
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Note: The following were considered but not recommended: in house nucleic acid amplification methods for diagnosis of bacterial infections in cerebrospinal fluid (CSF) in clinical
settings; CSF-PCR for Lyme neuroborreliosis, routine use of PCR for diagnosis of fungal infections.

Major Outcomes Considered

e Sensitivity and specificity of diagnostic tests for nervous system infections
e Positive and negative predictive values of the diagnostic tests
e Usability of diagnostic tests in resource poor countries

Methodology

Methods Used to Collect/Select the Evidence

Searches of Electronic Databases

Description of Methods Used to Collect/Select the Evidence

The Task Force searched MEDLINE (National Library of Medicine) for relevant literature from 1966 to July 201 1. The search included reports
of research in human beings only and in English. The Cochrane library and the guideline section of the American Academy of Neurology were
assessed on July 15th, 2011. Review articles and book chapters were also included if they were considered to provide comprehensive reviews of
the topic. The final choice of literature and the references included was based on judgment of the Task Force on the relevance to this subject. The
final literature search was performed in May 2012.



Number of Source Documents

Not stated

Methods Used to Assess the Quality and Strength of the Evidence

Weighting According to a Rating Scheme (Scheme Given)

Rating Scheme for the Strength of the Evidence

Evidence Classification Scheme for a Diagnostic Measure

Class I: A prospective study in a broad spectrum of persons with the suspected condition, using a 'gold standard' for case definition, where the test
is applied in a blinded evaluation, and enabling the assessment of appropriate tests of diagnostic accuracy.

Class II: A prospective study of a narrow spectrum of persons with the suspected condition, or a well-designed retrospective study of a broad
spectrum of persons with an established condition (by 'gold standard") compared to a broad spectrum of controls, where test is applied in a
blinded evaluation, and enabling the assessment of appropriate tests of diagnostic accuracy.

Class III: Evidence provided by a retrospective study where either persons with the established condition or controls are of a narrow spectrum,
and where test is applied in a blinded evaluation.

Class IV: Any design where test is not applied in blinded evaluation OR evidence provided by expert opinion alone or in descriptive case series
(without controls).

Methods Used to Analyze the Evidence
Review of Published Meta- Analyses

Systematic Review

Description of the Methods Used to Analyze the Evidence

Not stated

Methods Used to Formulate the Recommendations

Expert Consensus

Description of Methods Used to Formulate the Recommendations

Recommendations were reached by consensus of all Task Force participants and were also based on their awareness and clinical experience.

Rating Scheme for the Strength of the Recommendations
Rating of Recommendations for a Diagnostic Measure

Level A rating (established as useful/predictive or not useful/predictive) requires at least one convincing class I study or at least two consistent,
convincing class 11 studies.

Level B rating (established as probably useful/predictive or not useful/predictive) requires at least one convincing class II study or overwhelming
class III evidence.



Level C rating (established as possibly useful/predictive or not useful/predictive) requires at least two convincing class 111 studies.

Cost Analysis

A formal cost analysis was not performed and published cost analyses were not reviewed.

Method of Guideline Validation

Peer Review

Description of Method of Guideline Validation

The guidelines were validated according to the European Federation of Neurological Societies (EFNS) criteria (see the "Availability of Companion
Documents" field).
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Type of Evidence Supporting the Recommendations

The type of supporting evidence is identified and graded for selected recommendations (see the "Major Recommendations" field).

Benefits/Harms of Implementing the Guideline Recommendations

Potential Benefits

Appropriate use of polymerase chain reaction (PCR) technology for the diagnosis of infections of the nervous system

Potential Harms

False-negative test results

Qualifying Statements

Qualifying Statements

This guideline provides the view of an expert task force appointed by the Scientific Committee of the European Federation of Neurological
Societies (EFNS). It represents a peer-reviewed statement of minimum desirable standards for the guidance of practice based on the best
available evidence. It is not intended to have legally binding inplications in individual cases.

Implementation of the Guideline

Description of Implementation Strategy

The European Federation of Neurological Societies (EFNS) has a mailing list and all guideline papers go to national societies, national ministries of
health, World Health Organisation, European Union, and a number of other destinations. Corporate support is recruited to buy large numbers of
reprints of the guideline papers and permission is given to sponsoring companies to distribute the guideline papers from their commercial channels,
provided there is no advertising attached.
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Implementation Tools

Staff Training/Competency Material

For information about availability, see the Availability of Companion Documents and Patient Resources fields below.
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Guideline Status

This is the current release of the guideline.

Guideline Availability

Electronic copies: Available to registered users from the European Federation of Neurological Societies Web site

Availability of Companion Documents
The following are available:
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¢ Continuing Medical Education questions are available to registered users from the EFNS Web site

Patient Resources

None available

NGC Status

This NGC summary was completed by ECRI Institute on November 20, 2012. The information was verified by the guideline developer on
January 30, 2013.

Copyright Statement

This NGC summary is based on the original guideline, which is subject to the Wiley Online Library copyright restrictions.
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The National Guideline Clearinghoused, ¢ (NGC) does not develop, produce, approve, or endorse the guidelines represented on this site.

All guidelines summarized by NGC and hosted on our site are produced under the auspices of medical specialty societies, relevant professional
associations, public or private organizations, other government agencies, health care organizations or plans, and similar entities.

Guidelines represented on the NGC Web site are submitted by guideline developers, and are screened solely to determine that they meet the NGC
Inclusion Criteria.

NGC, AHRQ, and its contractor ECRI Institute make no warranties concerning the content or clinical efficacy or effectiveness of the clinical
practice guidelines and related materials represented on this site. Moreover, the views and opinions of developers or authors of guidelines
represented on this site do not necessarily state or reflect those of NGC, AHRQ, or its contractor ECRI Institute, and inclusion or hosting of
guidelines in NGC may not be used for advertising or commercial endorsement purposes.

Readers with questions regarding guideline content are directed to contact the guideline developer.
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